Faced with a growing obesity problem, interventions have been -- and are being -- designed to help individuals to lose weight or avoid weight gain. These interventions include regular exercise, self-monitoring of dietary intake, and regular self-weighing. Of the three, self-weighing is perhaps the simplest method, and has been repeatedly shown to help people to lose or maintain weight (e.g., Klem, Wing, McGuire, Seagle, & Hill, [@CIT0023]; McGuire, Wing, Klem, & Hill, [@CIT0032]; Qi & Dennis, [@CIT0044]; Wing & Phelan, [@CIT0066]; for a recent review, see Zheng et al., [@CIT0067]). Self-weighing is believed to be effective because it allows people to monitor their progress, detect changes in their weight, and apply corrective action if needed (Chambers & Swanson, [@CIT0006]). This is perhaps also why many people weigh themselves on a regular basis, even if they are not taking part in a specific intervention designed to promote weight loss (Mercurio & Rima, [@CIT0034]; Quick, Loth, MacLehose, Linde, & Neumark-Sztainer, [@CIT0046]). The process of monitoring progress is considered central to several models of goal directed behaviour such as Control Theory (Carver & Scheier, [@CIT0005]; Powers, [@CIT0043]). Progress monitoring involves comparing the current state (in this case, current weight) to a desired state or goal (e.g., to lose 2 lb), in order to decide whether corrective action is required, and has been found to promote goal attainment across a range of domains (e.g., Harkin et al., [@CIT0018]; Michie, Abraham, Whittington, McAteer, & Gupta, [@CIT0035]).

However, self-weighing as a means of monitoring progress towards weight-related goals may be a 'double-edged sword' (Dionne &Yeudall, [@CIT0009]), as evidence suggests that it can be associated with psychological distress (Ogden & Whyman, [@CIT0039]; Quick et al., [@CIT0046]), lower levels of body satisfaction (Mercurio & Rima, [@CIT0034]) and problematic dietary behaviour such as binge eating and skipping meals (Neumark-Sztainer, van den Berg, Hannan, & Story, [@CIT0036]). For example, Ogden and Whyman ([@CIT0039]) asked a group of female volunteers to weigh themselves daily for two weeks, while those in the control group were weighed only at the beginning and at the end of the study. Daily self-weighing was found to result in poorer mood and lower levels of self-esteem; something that may lead people to avoid monitoring their weight (i.e., lead to 'the ostrich problem', Webb, Chang, & Benn, [@CIT0059]). In contrast, however, other research has reported no negative psychological outcomes following self-weighing. For example, Wing et al. ([@CIT0065]) randomly assigned participants who had already successfully lost weight to either a face-to-face or online intervention designed to help them to maintain their weight loss, or to a control condition. The intervention encouraged participants to weigh themselves daily. Both the intervention groups reported more frequent self-weighing than the control group, but this was not accompanied by any adverse psychological effects. Instead, self-weighing was associated with increased dietary restraint and decreases in disinhibition (loss of control over eating), depressive symptoms and binge eating episodes.

Two recent reviews have sought to characterise the relation between self-weighing and psychological outcomes (Pacanowski, Linde, & Neumark-Sztainer, [@CIT0040]; Zheng et al., [@CIT0067]). Both reviews agreed that self-weighing is largely a useful tool for losing weight; however, their conclusions regarding the psychological impact of self-weighing differed. Zheng and colleagues reviewed five longitudinal studies and concluded that there was no evidence to suggest that self-weighing was associated with negative psychological outcomes. Rather, self-weighing was associated with an increase in dietary restraint and body satisfaction, a decrease in disinhibition, depressive symptoms and weight and shape concerns. In apparent contrast, Pacanowski and colleagues' review of 20 studies concluded that self-weighing was associated with negative psychological outcomes, but that this relationship may be moderated by individual differences (e.g., those who are more sensitive to their body image -- such as females or teenagers -- may be more affected by self-weighing). Unfortunately, neither review quantified the size of the relationship between self-weighing and psychological outcomes. Given the mixed findings in the literature to date, it may be that the effects are relatively small and therefore could be interpreted as evidence that self-weighing does not have a substantive effect on psychological outcomes.[^1^](#EN0001){ref-type="fn"} Meta-analysis is therefore needed to identify and quantify the direction and size of the relationship between self-weighing and psychological outcomes. It would also seem to be important to identify factors that may explain the (likely) variation in findings across the extant studies.

What factors influence the psychological impact of self-weighing? {#S001-S2001}
=================================================================

A number of factors may influence the psychological impact of self-weighing. Given that self-weighing likely draws attention to the body (Mercurio & Rima, [@CIT0034]) and can highlight discrepancies between current and desired shape or weight (Dionne & Yeudall, [@CIT0009]), self-weighing may result in worse psychological outcomes among those who are sensitive or concerned about their bodies. It is likely that this includes teenagers and young adults (Friend, Bauer, Madden, & Neumark-Sztainer, [@CIT0013]; Pacanowski, Loth, Hannan, Linde, & Neumark-Sztainer, [@CIT0041]; Quick et al., [@CIT0045], [@CIT0046]) and females (Geier & Rozin, [@CIT0016]; Pingitore, Spring, & Garfieldt, [@CIT0042]). It will therefore be important to examine whether and how the nature of the sample influences the association between self-weighing and psychological outcomes.

The duration with which participants engage in self-weighing may also influence its psychological impact. For example, although both Ogden and Whyman ([@CIT0039]) and Wing et al.([@CIT0065]) asked participants to weigh themselves daily, the former asked participants to weigh themselves for two weeks (and found negative psychological outcomes), whereas the latter had participants weigh themselves for 18 months (and found positive psychological outcomes). One reason why self-weighing may have a negative effect on psychological outcomes is that it draws attention to the discrepancy between desired and current weight (Dionne & Yeudall, [@CIT0009]). However, the psychological impact of such information may diminish over time as it becomes less surprising (see Webb, Benn, & Chang, [@CIT0058], for a similar argument with respect to self-monitoring of household energy consumption). Therefore, we might expect to observe a smaller relation between self-weighing and psychological outcomes in studies where participants self-weigh for a long relative to a short period of time.

The extent to which self-weighing is accompanied by weight loss is also likely to influence the psychological impact of this behaviour. Evidence suggests that improvements in body image during weight loss interventions are closely related to changes in weight (Lasikiewicz, Myrissa, Hoyland, & Lawton, [@CIT0028]). One explanation for this finding is that self-weighing draws attention to weight loss (or lack thereof). The extent of weight loss is, therefore, likely to moderate the effect of self-weighing on psychological outcomes, such that more positive effects of self-weighing could occur when self-weighing is accompanied by weight loss.

A recent meta-analysis of interventions designed to promote progress monitoring found that the effects of monitoring on goal attainment were larger when monitoring took place publicly (e.g., participants reported the amount of physical activity that they do in front of other people) or when monitoring was done in private, but the outcomes were reported to someone afterwards (e.g., participants recorded their level of physical activity in private, but had to subsequently report this to a researcher) than when monitoring took place in private and was not reported (Harkin et al., [@CIT0018]). Monitoring in public may also have a different psychological impact to monitoring in private, with empirical research suggesting that public weighing can, in some cases, be uncomfortable (Geier & Rozin, [@CIT0016]). It would therefore seem important to examine whether the psychological impact of self-weighing is influenced by (i) the context in which self-weighing takes place (e.g., in public or private) and (ii) how the outcomes of self-weighing are reported.

Finally, obesity and being overweight have been associated with poor psychological states, including relatively high levels of depression (Luppino et al., [@CIT0031]), anxiety (Gariepy, Nitka, & Schmitz, [@CIT0015]), poor body image (Schwartz & Brownell, [@CIT0047]) and disordered eating (Stunkard & Allison, [@CIT0054]). As such, it is possible that being obese or overweight may amplify the psychological impact of self-weighing, as self-weighing may highlight the degree to which the current state is different from a desired, or a healthy state. It would therefore seem important to compare the psychological impact of self-weighing among people who are obese or overweight with those who are of normal weight.

The present research {#S001-S2002}
====================

The present meta-analysis sought to quantify the effect of self-weighing on four psychological outcomes: (i) affect (e.g., levels of depression and anxiety), (ii) psychological functioning (e.g., levels of stress and self-esteem), (iii) body-related attitudes (e.g., body image and body dissatisfaction) and (iv) disordered eating (e.g., binge eating, restraint). These outcomes are similar to those considered by Pacanowski, Linde et al. ([@CIT0040]), but we considered self-esteem and stress separately from body-related attitudes, as it has been shown that these are not always related (e.g., Furnham, Badmin, & Sneade, [@CIT0014]; Quick et al., [@CIT0045]; Silberstein, Striegel-Moore, Timko, & Rodin, [@CIT0049]). Based on the literature, we hypothesized that self-weighing would not be associated with negative psychological outcomes. However, we expected to observe an association in particular circumstances and among particular samples. For example, we expected that self-weighing would be associated with (negative) psychological outcomes (i) among younger samples, females and obese and over-weight individuals, (ii) when people are required to weigh themselves for short, rather than long, periods of time and (iii) when self-weighing is not accompanied by weight loss. In addition, we expected that weighing in public, or being asked to report weight to someone else, would be associated with larger effects on psychological outcomes than self-weighing in private.

Studies investigating the effects of self-weighing on psychological outcomes typically involve either randomised controlled trials (RCTs), in which participants are typically randomly allocated to receive instructions to self-weigh or not (e.g., Steinberg et al., [@CIT0052]) or correlational designs that measure the frequency of self-weighing (e.g., Klos, Esser, & Kessler, [@CIT0024]). While it is well established that RCTs are the gold standard to be used in meta-analytic reviews (Barton, [@CIT0001]) and can provide a causal test of the impact of self-weighing on psychological outcomes, focusing only on RCTs limits the evidence base and assumes (rather than tests the idea) that study design will influence effect sizes (something that is not necessarily the case, see Benson & Hartz, [@CIT0002]). As such, the current review adopts an inclusive approach, but we compare the effects between the two types of studies. We also sought to compare effects between published and unpublished reports and between studies with relatively small and relatively large samples.

Methods {#S002}
=======

Selection of studies {#S002-S2001}
--------------------

The sample of studies was generated via a computerized search of Web of Science[^2^](#EN0002){ref-type="fn"} and UMI Dissertation Abstracts in September 2014. Two search filters were used: one for identifying studies involving self-weighing (self-weigh\* OR regular weigh\*) and the other for psychological outcomes (body\* OR affect\* OR emotion\* OR mood\* OR motiv\* OR depress\* OR anxi\*).[^3^](#EN0003){ref-type="fn"} To be included in the review, studies had to include at least one term from each of the filters in the title, abstract or keywords and include a measure of the frequency of self-weighing, as well as a measure of psychological outcomes. Psychological outcomes were defined as measures of well-being, mood, affect or emotion, psychological functioning such as social functioning or self-esteem, measures of body- and/or weight-related attitudes, beliefs or perceptions, or measures of disordered eating. Studies of clinical populations such as those who were diagnosed with eating disorders were excluded.[^4^](#EN0004){ref-type="fn"}

[Figure 1](#F0001){ref-type="fig"} shows the flow of information through the review. Of the 15,102 articles initially identified, 4972 duplicates were removed. We then screened the remaining 10,130 articles, of which 103 were identified as potentially eligible for inclusion. The majority of the other articles were rejected because they failed to include relevant measures (e.g., they focused on self-monitoring of diet, rather than weight). The remaining 103 articles were then evaluated in detail. At this stage, articles were rejected if they did not report the frequency of self-weighing (e.g., Ogden & Evans, [@CIT0038]), did not include any psychological measures (e.g., VanWormer, Linde, Harnack, Stovitz, & Jeffery, [@CIT0055]) or if psychological outcomes were only measured prior to self-weighing (e.g., Strimas & Dionne, [@CIT0053]). Figure 1.Flow of information through the review.

We then examined the 447 articles that were cited by each of the 24 articles identified by the database search that met our inclusion criteria (i.e., we used an ancestry approach; Johnson, [@CIT0021]). Of these, 172 papers had already been identified by the database search (i.e., were duplicates) and so were removed. We also identified articles that cited each of those that met our inclusion criteria. This resulted in an additional 251 articles of which 96 duplicates were removed and 5 were deemed suitable for inclusion in the review.

Of the 29 articles that were initially identified for inclusion, 3 were later removed (Kong et al., [@CIT0025]; Neumark-Sztainer, van der Berg et al., [@CIT0036]; Welsh, Sherwood, Van Wormer, Hotop, & Jeffery, [@CIT0061]) as they were found to use the same data as articles already included in the review (Kong et al., [@CIT0026]; Quick et al., [@CIT0045]; Welsh, Sherwood, Van Wormer, Hotop, & Jeffery, [@CIT0062]). One study was removed as it provided insufficient data for us to be able to calculate an effect size (Van Wormer, Martinez, Cosentino, & Pronk, [@CIT0056]) and a further two articles (Boutelle, Libbey, Neumark-Sztainer, & Story, [@CIT0003]; McGuire, Wing, Klem, Lang, & Hill, [@CIT0033]) were removed as they compared a group of overweight individuals who lost weight to those who did not lose weight. As such, the groups differed on a dimension that we hypothesized might influence the effect of self-weighing on psychological outcomes (namely, weight loss), and so could not provide a clear test of the relation between self-weighing and psychological outcomes. Thus, the present review is based on the data from 23 articles (a list of citations is provided in Appendix A in the Supplemental material). In an effort to identify unpublished studies, at least one author from each of these 23 publications was contacted and asked if they had any unpublished material that could be suitable for this meta-analysis. Most authors replied, but none offered additional data.

Where articles reported the relationship between self-weighing and psychological outcomes separately for different groups of participants (e.g., Quick et al., [@CIT0045], reported effects separately for males and females), the subgroups were treated as separate studies to enable us to examine factors that influenced the reported relations (e.g., gender). As a result, 29 independent tests of the relationship between self-weighing and psychological outcomes, involving 10,775 participants, were included in the meta-analysis. [Table 1](#T0001){ref-type="table"} presents the number of participants and effect size in each test. Table 1.Effect sizes (*r*) for the relationship between self-weighing and psychological outcomes for studies included in the meta-analysis*.*   Psychological OutcomeStudy*N*~E~*N*~C~AffectPsychological FunctioningBody-related AttitudesDisordered EatingAlm et al. (2009)7456   −.01Batra et al. (2013)7421   .48Butryn et al. (2007)1088641   .43Dany and Urdapilleta (2012)297 .05−.08.01 Friend et al. ([@CIT0013])2050  .23−.20Gokee-LaRose et al. (2009)2017.14 −.06−.10Gow et al. ([@CIT0017]) (F2F versus control)3940  .04.02Gow et al. ([@CIT0017]) (F2F + internet versus internet)4040  .02.01Gunnare et al. (2013)399   −.05 Katterman ([@CIT0068])2423.03 .01.15Klos et al. ([@CIT0024]) (Females)190   −.06−.25Klos et al. ([@CIT0024]) (Males)78   −.07.01Kong (2012)4578   −.01LaRose (2014)10549   .17Linde (2014)1515.49 .60 Linde et al. ([@CIT0029])1984 −.06   Mercurio and Rima ([@CIT0034])6877  −.20 Ogden and Whyman ([@CIT0039])1614−.18−.37−.46 Phelan et al. (2014)133128.01−.12 −.01Quick et al. ([@CIT0045]) (Females)221588−.09−.12−.11−.16Quick et al. ([@CIT0045]) (Males)121553.05.06−.14−.18Quick et al. ([@CIT0046]) (Overweight boys)73471−.13−.06.06−.13Quick et al. ([@CIT0046]) (Non-overweight boys)102652−.08−.11−.06−.35Quick et al. ([@CIT0046]) (Overweight girls)86487−.10−.20−.11−.13Quick et al. ([@CIT0046]) (Non-overweight girls)123784−.07−.07−.13−.10Steinberg et al. ([@CIT0052])4444.55 .72.75Walsh and Charlton (2014)106    −.34Welsh et al. ([@CIT0062])1929  .08.02Wing et al. ([@CIT0065])314 .10  .07Note: Where *N* differs between psychological measures, the smallest *N* is reported in the table. Please see the dataset provided in the supplementary materials for details of the sample sizes for each psychological outcome. *N* ~E = ~Number of participants in the experimental group. *N* ~C = ~Number of participants in the control group. The sample size for correlational studies is reported in the *N* ~E~ column.

Data extraction {#S002-S2002}
---------------

### Computing effect sizes {#S002-S2002-S3001}

Both studies with correlational designs (where the frequency of self-weighing was measured) and RCTs (where the frequency of self-weighing was manipulated) were included in the review. In each case, we used effect size *r* to represent the relationship between self-weighing and the different psychological outcomes. For correlational studies, we computed an effect size representing the strength of the relationship between measures of the frequency of self-weighing and psychological outcomes. For the RCTs, we compared psychological outcomes between conditions that differed in the frequency of self-weighing (typically using effect size *d*, which was then converted to *r*). If studies did not report the relevant effect size, then it was derived from other statistics using conversion formulas (Johnson, [@CIT0021]). When effect sizes could not be computed on the basis of information in the report, the authors were contacted to request this information.[^5^](#EN0005){ref-type="fn"} Where psychological outcomes were measured at multiple points, we used the measure that most closely followed self-weighing. In addition, the effect of self-weighing on weight loss was recorded where available. Positive effect sizes indicate that self-weighing had a positive effect on psychological outcomes (i.e., reduced depression or anxiety, increased self-esteem, improved body satisfaction or reduced disordered eating). When studies compared more than two groups (e.g., Linde et al., [@CIT0029], compared participants who weigh daily, weekly, monthly and less than monthly), we compared the two groups of participants that differed the most in the frequency of self-weighing (i.e., those reporting daily self-weighing versus those reporting less than monthly self-weighing). One study (Gow, Trace, & Mazzeo, [@CIT0017]) used two different interventions (self-weighing alone, or self-weighing with internet support) and two corresponding control conditions. In this case, an effect size was calculated comparing each intervention separately with respect to the corresponding control condition.

### Coding of study characteristics {#S002-S2002-S3002}

For all studies, we recorded sample characteristics, including age, gender (operationalized as the percentage of females in the study), weight status (overweight/obese or normal weight) and, where relevant, the extent of weight loss during the study period, and the time period during which participants were asked to self-weigh. We also identified the study design (RCT or correlational) and recorded whether self-weighing took place in a public or private context, whether the weight was reported, and whether the effect size came from a published or an unpublished report. The characteristics of the primary studies were coded by the first and third authors. There was a high level of agreement (for categorical characteristics, median kappa = 0.97, range = 0.89 to 1.00; for continuous characteristics, median *r* = .96, range = .92 to 1.00) and disagreements were resolved jointly by discussion.

Meta-analytic strategy {#S002-S2003}
----------------------

Effect sizes were computed using SPSS version 20 and the macros developed by Wilson ([@CIT0064]). This provided effect sizes weighted by sample size, with a 95% confidence interval, and an estimate of heterogeneity. A random effects model was employed to account for the idea that differences in effects between studies likely includes random error from unidentifiable sources (Lipsey & Wilson, [@CIT0030]). Following Cohen\'s ([@CIT0007]) recommendations, *r* = .10 was taken to represent a 'small' effect size, *r* = .30 a 'medium' effect size and *r* = .50 a 'large' effect size.

The moderating effect of continuous variables (e.g., age of participants, the extent of weight loss) was tested using a series of weighted linear regression models regressing the effect size for the association between self-weighing and the psychological outcome on the moderator, weighted by the inverse variance of each effect size (Hedges & Olkin, [@CIT0019]), which was estimated following established procedures (Steel & Kammeyer-Mueller, [@CIT0051]). To test the moderating effects of categorical variables (e.g., whether weight status had an effect on the psychological outcomes as a result of self-weighing), the studies were split based on levels of the categorical moderator and a separate meta-analysis was conducted on each subgroup. We did not compare subgroups that were represented by only a single study, but report the effect sizes for information.

Results {#S003}
=======

Relationship between self-weighing and psychological outcomes {#S003-S2001}
-------------------------------------------------------------

[Figure 2](#F0002){ref-type="fig"} provides a visual representation of the relationship between self-weighing and psychological outcomes as derived from the primary studies. There was no association between self-weighing and affect (*r* ~+~ = .02; *k* = 15, *N* = 7352, 95% CI: −0.06 to 0.06), body-related attitudes (*r* ~+~ = −.01, *k* = 20, *N* = 5879, 95% CI: −0.07 to 0.06) or disordered eating (*r* ~+~ = .02, *k* = 23, *N* = 8650, 95% CI: −0.12 to 0.13). There was, however, a small-sized, but statistically significant, negative association between self-weighing and psychological functioning (*r* ~+~ = −.08, *k* = 9, *N* = 4849, 95% CI: −0.14 to −0.03), such that self-weighing was associated with poorer psychological functioning (i.e., lower levels of self-esteem and/or higher levels of stress). Figure 2.Funnel plots showing the effect sizes (*r*) for the relationship between self-weighing and psychological outcomes.

### Examination of publication bias {#S003-S2001-S3001}

Despite our efforts to identify the unpublished data, only one unpublished study was identified as suitable for inclusion in the review (Katterman, [@CIT0068]), and hence, it was not possible to directly compare effect sizes between published and unpublished reports. We therefore conducted a series of Egger\'s regressions (Egger, Davey-Smith, Schneider, & Minder, [@CIT0012]) to examine potential asymmetry in the effect sizes derived from the primary studies and, thus, the possibility that additional (likely, unpublished) studies may exist that were not identified by our searches. These analyses suggested no bias in the estimate of the relationship between self-weighing and psychological functioning (*p *= .64), body-related attitudes (*p *= .06) or disordered eating (*p *= .65). There did, however, appear to be a significant bias in the estimate of the relationship between self-weighing and affect (*p* = .03). Using STATA version 11 (StataCorp, [@CIT0050]) to conduct a trim and fill analysis (Duval & Tweedie, [@CIT0011]) in order to estimate the missing effect sizes. This analysis inputted four additional studies, but did not substantially change the sample-weighted effect size, which remained non-significant (*r* ~+~ = −.05, *k* = 19, 95% CI: −0.12 to 0.01).

### Examination of small study bias {#S003-S2001-S3002}

Estimates of population effect sizes in meta-analysis can be adversely influenced by effect sizes from studies with relatively small samples that are relatively underpowered (Kraemer, Gardner, Brooks, & Yesavage, [@CIT0027]). We therefore sought to compare effect sizes between studies with relatively small versus relatively large samples as suggested by Coyne, Thombs, and Hagedoorn ([@CIT0008]). We compared effect sizes between studies with relatively small samples and relatively large samples separately for correlational and experimental studies because correlational studies typically had larger samples and tended to report negative effects of self-weighing on psychological outcomes (see the section on study design below). Thus, comparison between studies with relatively small versus relatively large samples would likely be confounded by the design of the study. Therefore, the median sample size was calculated separately for experimental and correlational studies for each psychological outcome. Studies with a sample size smaller than the median were classified as having a relatively small sample; studies with sample sizes larger than the median were classified as having relatively large samples. The results suggested that studies with relatively small samples did not significantly bias the estimates of the relationship between self-weighing and any of the psychological outcomes (see [Table 2](#T0002){ref-type="table"}). Table 2.The relationship between self-weighing and psychological outcomes as a function of sample size and study design. *r*~+~95% CI*kr*~+~95% CI*k*Psychological outcome (median *N*)Correlational studies with small samplesCorrelational studies with large samplesAffect (714)−.04−.10.024−.08−.13−.024 Between group *Q*(1) = 8.05, *p = *.33Psychological functioning (674)−.07−.16.024−.10−.19−.013 Between groups *Q*(1) = 5.20, *p = *.52Body-related attitudes (472)−.04−.12.046−.08−.14−.036 Between groups *Q*(1) 13.07, *p = *.29Disordered eating (559)−.15−.41.106−.08−.33.166 Between groups *Q*(1) = 4.85, *p = *.94 Experimental studies with small samplesExperimental studies with large samplesAffect (47).12−.15.384.20−.04.453 Between group *Q*(1) = 1.17, *p = *.28Psychological functioning (146)−.37−.75.011−.01−.13.111 --       Body-related attitudes (48).03−.31.375.26−.15.683 Between group *Q*(1) = 6.78, *p = *.45Disordered eating (88).15−.05.366.13−.07.335 Between group *Q*(1) = 11.05, *p = *.35Note: CI = confidence interval, *k = *Number of studies.

Moderators of the relationship between self-weighing and psychological outcomes {#S003-S2002}
-------------------------------------------------------------------------------

Effect sizes derived from the primary studies were relatively heterogeneous (for the relationship between self-weighing and affect: *Q*(14) = 65.21, *p* \< .001, psychological functioning: *Q*(8) = 25.85, *p* \< .001, body-related attitudes: *Q*(19) = 100.89, *p* \< .001, disordered eating: *Q*(22) = 587.44, *p* \< .001). We therefore examined factors that might explain the variation in effect sizes.

### Age {#S003-S2002-S3001}

The average age of participants in the primary studies was 28.98 (*SD* = 14.04, range 14--52). Age did not significantly influence the relationship between self-weighing and affect, psychological functioning or body-related attitudes. However, age was significantly associated with the relationship between self-weighing and disordered eating, with the association between self-weighing and disordered eating being more negative among younger samples (see [Table 3](#T0003){ref-type="table"}). Table 3.Continuous moderators of the relationship between self-weighing and psychological outcomes.Psychological outcome*R*^2^*Betatp*Moderator: Age of the sampleAffect.06.240.89.39Psychological functioning.20.441.30.24Body-related attitudes.13.361.66.12Disordered eating.68.836.71.00Moderator: Percentage of females in the sampleAffect.00−.06−0.21.83Psychological functioning.21−.45−1.35.22Body-related attitudes.02−.14−0.61.55Disordered eating.09.291.41.17Moderator: Effect of self-weighing on weight lossAffect.92.964.78.04Psychological functioning--------Body-related attitudes.09.310.79.46Disordered eating.04−.19−0.51.63Moderator: Duration of self-weighingAffect.00−.01−0.03.98Psychological functioning--------Body-related attitudes.66.813.41.01Disordered eating.24.491.60.15

### Gender {#S003-S2002-S3002}

On average, the samples in the primary studies contained 69.37% female participants (*SD* = 35.15, range 0%--100%). The percentage of females in the sample was not significantly associated with the relationship between self-weighing and affect, psychological functioning, body-related attitudes or disordered eating (see [Table 3](#T0003){ref-type="table"}).

### Weight status {#S003-S2002-S3003}

Participants' weight status (i.e., obese/overweight or normal weight) did not moderate the relationship between self-weighing and affect, psychological functioning or disordered eating; although it should be noted that there were relatively few studies of the effects of self-weighing among normal weight participants (see [Table 4](#T0004){ref-type="table"}). Participants' weight status did, however, moderate the relationship between self-weighing and body-related attitudes, such that self-weighing had a significant, positive relationship with body-related attitudes among studies that recruited obese and overweight participants, but a non-significant relationship among studies that recruited normal weight participants. Table 4.Categorical moderators of the relationship between self-weighing and psychological outcomes*.* *r*~+~95% CI*kr*~+~95% CI*k* Participants were obese or overweightParticipants were normal weightAffect.06−.05.177−.04−.18.103 Between group *Q*(1) = 1.20, *p = *.27Psychological functioning−.13−.22−.023−.09−.16−.052 Between groups *Q*(1) = 0.68, *p = *.41Body-related attitudes.18.02.336−.06−.21.104 Between groups *Q*(1) = 4.25, *p = *.04Disordered eating.16−.03.3410−.23−.62.172 Between groups *Q*(1) = 2.96, *p = *.09 Self-weighing took place in privateSelf-weighing took place in publicAffect.12.05.197------0Psychological functioning−.05−.16.072------0Body-related attitudes.17.08.278------0Disordered eating.13.07.199------0 Weight was reportedWeight was not reportedAffect.20−.02.416.01−.44.461Psychological functioning−.37−.75.011−.01−.13.111Body-related attitudes.17.08.278------0Disordered eating.18−.02.398−.01−.54.521 RCTCorrelational studiesAffect.17.05.296−.04−.10.019 Between groups *Q*(1) = 9.53, *p = *.002Psychological functioning−.07−.24.092−.08−.14−.027 Between groups *Q*(1) = 0.01, *p* = .92Body-related attitudes.16.03.297−.06−.13.0113 Between groups *Q*(1) = 8.29, *p* \< .01Disordered eating.19−.04.427−.07−.22.0716 Between groups *Q*(1) = 3.61, *p = *.05 Included an InterventionDid Not Include an InterventionAffect.14.05.247−.06−.11−.008 Between groups *Q*(1) = 11.26, *p \< *.001Psychological functioning−.07−.24.092−.08−.14−.027 Between groups *Q*(1) = 0.01, *p* = .92Body-related attitudes.15.03.288−.06−.13.0112 Between groups *Q*(1) = 8.76, *p* \< .01Disordered eating.14−.04.3411−.12−.28.0512 Between groups *Q*(1) = 4.24, *p = *.04Note: CI = confidence Interval, *k = *Number of studies.

### Weight-loss {#S003-S2002-S3004}

Self-weighing had a medium-sized effect on weight loss among the 10 studies that reported this effect (*d* ~+~ = 0.68, 95% CI: 0.20 to 1.16, *p *\< 0.01). The extent of weight loss did not significantly influence the relationship between self-weighing and psychological functioning, body-related attitudes or disordered eating. However, weight loss did moderate the association between self-weighing and affect, such that self-weighing was more likely to be associated with positive affect and/or less likely to be associated with negative affect in studies where participants lost more weight (see [Table 3](#T0003){ref-type="table"}).

### Duration of self-weighing {#S003-S2002-S3005}

Twelve studies provided information about the number of days over which participants self-weighed. The mean duration was157 days (*SD =* 119.13, range = 14 to 365). The duration over which participants self-weighed had no impact on the relationship between self-weighing and affect, psychological functioning or disordered eating. However, duration significantly moderated the relationship between self-weighing and body-related attitudes, such that self-weighing over longer (relative to shorter) durations was associated with more positive and/or less negative body-related attitudes (see [Table 3](#T0003){ref-type="table"}).

### Study design {#S003-S2002-S3006}

Study design moderated the effect of self-weighing on three of the four psychological outcomes -- RCTs typically reported a positive relationship between self-weighing and affect and body-related attitudes, while correlational studies typically reported a negative relationship between self-weighing and affect and psychological functioning (see [Table 4](#T0004){ref-type="table"}). One possible explanation for the difference between RCTs and correlational studies is that RCTs often examine the effect of self-weighing as part of a larger intervention designed to promote weight loss, whereas correlational studies typically examine the effects of (unprompted) self-weighing. It may therefore be that additional intervention components (e.g., social support) reduce any negative effect of self-weighing on psychological outcomes in studies with an RCT design.

In order to explore this idea, we identified whether self-weighing took place as part of an intervention and compared the effect of so doing on psychological outcomes to studies that did not include an intervention. Whether the study involved an intervention moderated the relationship between self-weighing and affect, body related attitudes and disordered eating (see [Table 4](#T0004){ref-type="table"}). Self-weighing tended to have a more positive association with affect, body-related attitudes and reduced disordered eating in studies where self-weighing occurred as part of an intervention than in studies that did not involve an intervention. The presence of an intervention did not moderate the effect of self-weighing on psychological functioning.[^6^](#EN0006){ref-type="fn"}

### Public versus private weighing {#S003-S2002-S3007}

Eleven studies reported the psychological outcomes associated with asking participants to weigh themselves privately, but unfortunately none reported the effects of self-weighing in public and so the effects of public versus private self-weighing on psychological outcomes could not be compared (see [Table 4](#T0004){ref-type="table"}).

### Reported versus not-reported weighing {#S003-S2002-S3008}

Only one study did not require participants to report their weight in some form or another (either through a website, or directly to the researcher or a health professional). Therefore, we were unable to reliably compare the effect of reporting versus not-reporting weight (see [Table 4](#T0004){ref-type="table"}).

Discussion {#S004}
==========

The present review used meta-analysis to investigate the relationship between self-weighing and psychological outcomes including affect, psychological functioning, body-related attitudes and disordered eating. For the most part, self-weighing was not associated with adverse psychological outcomes. There was, however, a small-sized, negative association between self-weighing and psychological functioning, suggesting that self-weighing can reduce self-esteem and/or increase stress. Correction for publication or small study bias did not alter the findings. These findings support the conclusions of a recent narrative review of five studies (Zheng et al., [@CIT0067]) and, importantly, quantify the magnitude of the relationships. For three of the four psychological outcomes (affect, body-related attitudes and disordered eating) the effect sizes were virtually zero (*r* ~+~ = −.01), and for the fourth outcome (psychological functioning) the effect size was small (*r* ~+~ = −.08). These findings should not, however, be taken as evidence that self-weighing is psychologically neutral. We found a small-sized, negative relationship between self-weighing and psychological functioning and a number of studies have found negative effects of self-weighing on this and other psychological outcomes (e.g., Mercurio & Rima, [@CIT0034]; Neumark-Sztainer, van der Berg et al., [@CIT0036]; Ogden & Whyman, [@CIT0039]; Quick et al., [@CIT0046]). In addition, a number of factors moderated the psychological impact of self-weighing. Therefore, although self-weighing is, for the most part, not psychologically aversive, it is possible that in some circumstances and among some individuals self-weighing can be problematic -- something that we expand on below.

What factors influence the psychological impact of self-weighing? {#S004-S2001}
-----------------------------------------------------------------

We examined the effect of several moderators on the relationship between self-weighing and psychological outcomes. While age had no impact on the relationship between self-weighing and body-related attitudes, psychological functioning or affect, studies that involved younger participants reported a stronger association between self-weighing and disordered eating. This is consistent with the findings of several studies focusing on the effects of self-weighing among adolescents (e.g., Friend et al., [@CIT0013]; Quick et al., [@CIT0045], [@CIT0046]), and supports the idea that self-weighing should be used with care (e.g., accompanied by psychological and/or social support) or avoided altogether within this age group (Neumark-Sztainer, van der Berg et al., [@CIT0036]). The percentage of females in the study did not influence the relationship between self-weighing and any of the psychological outcomes that we examined. This finding is consistent with studies showing that the psychological outcomes of self-weighing (or lack thereof) apply to both males and females (Neumark-Sztainer, van der Berg et al., [@CIT0036]; Quick et al., [@CIT0045], [@CIT0046]).

Although we hypothesised that self-weighing would have a more negative psychological impact among obese and overweight individuals (on the basis that it likely draws attention to discrepancies between desired and actual weight), weight status did not influence the impact of self-weighing on affect, psychological functioning or disordered eating. Furthermore, self-weighing was actually associated with *more positive* body-related attitudes among obese and overweight individuals. Given that self-weighing has been shown to be an effective method to encourage weight-loss in obese people (Van Wormer et al., [@CIT0057]), it is encouraging that self-weighing in this population does not have negative psychological outcomes.

We found that weight loss influenced the relationship between self-weighing and affect (but not other psychological outcomes), such that self-weighing was more likely to be associated with positive affect (or less likely to be associated with negative affect) in studies where participants lost more weight, relative to studies in which they lost less weight. Weight loss has previously been shown to reduce depressive symptoms (Dixon, Dixon, & O\'Brien, [@CIT0010]). It therefore seems likely that self-weighing draws attention to weight loss, the knowledge of which then serves to improve affect.

The length of time that participants engaged in self-weighing had no impact on its relationship with affect, psychological functioning or disordered eating. However, it did influence the association between self-weighing and body-related attitudes, such that the longer the participants engaged in self-weighing, the more positive was the association between self-weighing and body-related attitudes. One possible explanation for this finding is that there is a bidirectional relationship between self-weighing and body-related attitudes such that improvements in body-related attitudes motivate continued self-weighing. In support of this idea, evidence suggests that, although body dissatisfaction can motivate the desire to lose weight (Heinberg, Thompson, & Matzon, [@CIT0020]), continued low levels of body satisfaction can lead people to drop out of weight loss programs (Carels, Cacciapaglia, Douglass, Rydin, & O\'Brien, [@CIT0004]; Kiernan, King, Kraemer, Stefanick, & Killen, [@CIT0022]).

Study design moderated the effect of self-weighing on affect, body-related attitudes and disordered eating. While RCTs tended to report a positive relationship between self-weighing and psychological outcomes, correlational studies tended to report more negative relationships. There are a number of possible explanations for this effect. It may be that taking part in an intervention increases participants' motivation to lose weight, or that simply being pro-active and taking steps to control weight improves psychological outcomes. Alternatively (or in addition) RCTs may provide a more valid test of the effect of self-weighing on psychological outcomes because self-weighing is typically manipulated (e.g., participants in the intervention condition are asked to weigh themselves, whereas participants in the control condition are not) rather than measured as in correlational studies. However, we suspect that the difference might be explained by the inclusion of additional intervention components in RCTs. In support of this idea, we found that self-weighing that occurred as part of an intervention was more likely to be associated with positive psychological outcomes than unprompted self-weighing that occurred naturally. This relationship held even when we examined studies with the same design (namely, those with correlational designs) that included versus did not include an intervention. As such, future research might usefully investigate which intervention components (e.g., motivation, social support, strategies to promote self-acceptance or self-efficacy) influence the relationship between self-weighing and psychological outcomes.

Limitations {#S004-S2002}
-----------

The current meta-analysis identified several shortcomings in the available data. For example, it was not possible to examine the effect of self-weighing in public versus in private, or when weight was reported versus not reported, because almost all studies asked participants to weigh themselves privately and to report their weight. Given that public self-weighing is a key component of commercially available weight loss programs (e.g., Slimmer\'s World, Weight Watchers) and that previous reviews suggest larger effects (on goal attainment) of public (relative to private) self-monitoring (Harkin et al., [@CIT0018]), studies of the psychological impact of so doing would seem to be a priority for future research.

Conclusion {#S005}
==========

The present research used meta-analysis to quantify the relationship between self-weighing and four different psychological outcomes. For the most part, self-weighing was not associated with adverse psychological outcomes, but there was a small-sized, negative association between self-weighing and psychological functioning. The findings also support previous reviews in showing that self-weighing has a different effect on psychological outcomes among some individuals and in some situations. In particular, our findings suggest that self-weighing is more likely to be associated with negative psychological outcomes among younger samples, normal weight participants, those who have lost less weight, are self-weighing for a short, relative to a long, period of time and when self-weighing is not delivered as part of an intervention. Future research might usefully explore the mechanisms underlying these moderating effects, as well as addressing gaps in the literature -- for example, the psychological impact of self-weighing in public contexts.
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Note that statistically small effects may not necessarily be trivial, given that self-weighing forms a key part of many interventions designed to promote weight loss, commercial weight loss programs (e.g., [@CIT0060]) and day-to-day life (e.g., Mercurio & Rima, [@CIT0034]; Quick et al., [@CIT0046]) (for a similar argument with respect to 'small' effects of smoking cessation treatments, see West, [@CIT0063]).

Databases include the Science Citation Index Expanded (1900--present), Social Sciences Citation Index (1956--present), Arts & Humanities Citation Index (1975--present), Conference Proceedings Citation Index -- for Science and for Social Science & Humanities (1990--present), Book Citation Index -- for Science and for Social Science & Humanities (2005--present), Current Chemical Reactions (1985--present), Index Chemicus (1993--present), BIOSIS Citation Index (1926--present), BIOSIS Previews (1969--present), Current Contents Connect (1998--present), Data Citation Index (1900--present), Derwent Innovations Index (1963--present), MEDLINE (1950--present), SciELO Citation Index (1997--present) and the Zoological Record (1864--present).

In order to examine whether our search terms were sufficient to identify all articles investigating the relationship between self-weighing and psychological outcomes, we tested whether the inclusion of additional search terms would have identified any additional articles. To do so, we entered the abstracts of the articles that met our inclusion criteria into Wordle (<http://www.wordle.net>) to identify the most commonly used words. This prompted us to try an additional term in the first filter: frequent weigh\*, and an additional term in the second filter: satisf\*. Searching the databases again using these new filters resulted in an additional 12,509 articles, from which 2648 duplicates were removed. We screened 1000 articles from the remaining 9861 articles, but as none of these met our inclusion criteria, our original search terms were deemed to have been sufficient for identifying all studies investigating the relationship between self-weighing and psychological outcomes.

This decision did not have a substantive bearing on the evidence base available for the review as only one study with a clinical sample met the other inclusion criteria (Shafran, Fairburn, Robinson, & Lask, [@CIT0048]).

Three authors were contacted, of whom all replied, but only two could address our request.

Because the presence of an intervention was confounded with study design (i.e., RCTs were more likely to include an intervention than correlational studies), we also compared the effects of self-weighing between correlational studies that included versus did not include an intervention. Although relatively few correlational studies involved an intervention, the magnitude of the effects reported by these studies are consistent with the idea that self-weighing that occurs as part of an intervention tends to be associated with more positive psychological outcomes than self-weighing outside an intervention. Specifically, correlational studies that included an intervention tended to report a positive effect on body-related attitudes (*r* ~+~ = .08, *k* = 1, 95% CI: -0.23 to 0.35) affect (*r* ~+~ = .10, *k* = 1, 95% CI: -0.04 to 0.24) and disordered eating (*r* ~+~ = .07, *k* = 4, 95% CI: -0.23 to 0.36). No correlational studies examined the effect of self-weighing as part of an intervention on psychological functioning. In contrast, correlational studies with no intervention tended to report negative effects of self-weighing on psychological outcomes: Affect: (*r* ~+~ = -.06, *k* = 8, 95% CI: -0.09 to -0.04), psychological functioning: (*r* ~+~ = -.08, *k* = 7, 95% CI: -0.11 to -0.05), body-related attitudes (*r* ~+~ = -.07, *k* = 12, 95% CI: -0.11 to -0.02) and disordered eating (*r* ~+~ = -.12, *k* = 12, 95% CI: -0.28 to 0.05).

Disclosure statement {#S006}
====================

No potential conflict of interest was reported by the authors.

[^1]: Supplemental material for this article can be accessed at 10.1080/17437199.2015.1138871.

[^2]: This article makes reference to supplementary material available on the publisher\'s website at <http://dx.doi.org/10.1080/17437199.2016.1138871>.
